proportion of the energy that is liberated is released as light (Aitken 1985 (Aitken , 1998 glacial sources causes sediment evacuation from the ice-bed interface to peak shortly after 81 midday; however, runoff from the Bouquetins cirques continues into the evening. The 82 catchment geology is complex, consisting of amphibolites, granites and gabbros that 83 represent various stages of the Alpine Orogeny (Fig. 1C) . 84
Sediments sampled at night in August 2000 comprised seven samples from the base 85 of two ~100 m-deep glacial boreholes and 16 extraglacial samples: seven samples from 86 marginal streams; three surface samples from marginal moraine; and six samples from two 87 proglacial streams that emerge from the eastern portion of the subglacial drainage system 88 (Fig. 1A, B) . Stream samples comprised suspended sediment obtained by immersing an 89 opaque sample bottle into a well-mixed section of the flow; moraine samples were scraped 90 into opaque 35-mm film canisters from exposed sediment surfaces. Borehole sampling was 91 undertaken using a water sampler modified from the design of Blake & Clarke (1991) (see 92 Tranter et al. 2002) . The boreholes had been drilled in mid-July using a hot-water drill 93 F o r R e v i e w O n l y BOR-017-2010 . R2 Luminescence of subglacial sediment
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(ambient drill-tip water temperature ~50°C) and were sampled ~30 days later, after 94 subglacial instrumentation -which had been deployed at the time of drilling -had been 95 removed. The sampler was shaken vigorously at the base of each borehole prior to closure 96 of the sampler in situ; samples were protected from light and were stored and transported in 97 opaque polypropylene bottles. 98
Drilling and sampling methods do not indicate potential for significant 99 contamination of borehole samples by optically-reset sediment. There is potential to release 100 reset sediment from glacier ice during drilling; however, because debris causes problems 101 during drilling, boreholes were located away from supraglacial and englacial debris 102 accumulations, and, other than the highly conspicuous eastern medial moraine ( Fig. 1 show frequent mobilisation of basal sediment at the ice-bed interface. 122
Sample preparation and initial screening results 123
Simple preparation techniques and a simple polymineral single-aliquot multiple-stimulation 124 screening approach (Table 1) were used for all samples on account of the small volume of 125 subglacial sediment acquired using the borehole sampling technique. The samples were 126 prepared by settling in water before washing in a 10% HCl solution for 30 minutes to 127 remove carbonate minerals; no reaction with the HCl solution was observed, and because 128 the samples were devoid of organic material, no further pre-treatments were undertaken. 129
Mineralogical and grain size characteristics (the latter estimated to be 10-100 µm) were 130 later checked for consistency using an FEI Quanta SEM. All luminescence measurements 131
were made from small quantities of sample dispensed onto 0.25 mm-thick 1 cm-diameter 132 stainless steel discs using a Risø DA15 luminescence reader equipped with a bialkali 133 photomultiplier (ET9235QB) and 9 mm Hoya U340 filter to detect near-UV radiation. 134
Although polymineral luminescence was anticipated to be dominated by feldspar emission, 135 and therefore to exhibit fading (cf. Krbetschek et al. 1997) , the same multiple-stimulation 136 procedure was used for all measurements. 137
The multiple-stimulation screening procedure (Table 1) 141 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Fading rates were investigated using further aliquots of the six samples previously subjected 218
to SAR analysis (see above). Eight aliquots of each sample were subjected to the same 219 polymineral multiple-stimulation procedure (Table 1) ; however, the procedure was 220 modified such that four aliquots were stored for 95 days following administration of the 221 regenerative dose, whilst the remaining aliquots were stored prior to administration of the 222 regenerative dose. Measurement of these 'stored' and 'prompt' regenerative doses was then 223
followed by measurement of a 50 Gy test dose, allowing fading to be quantified using the 224 ratio of the sensitivity-corrected 'faded' and 'prompt' signals. The results demonstrate 225 significant fading of regenerated signals (Table 4) ; nevertheless, fading was generally 226 consistent across all sample groups. 227
Bleaching characteristics 228
Uncertainties concerning the bleaching rates of signals in the different sample groups were 229 addressed by bleaching regenerated doses. Bleaching rates of regenerated IRSL, OSL and 230 TL signals were quantified by exposing aliquots of each sample to 'artificial daylight' 231 fluorescent lighting inside a sealed 'lightbox' for periods of 1 and 8 minutes, and to direct 232 sunlight for a period of 1 minute. Furthermore, the precise form of the bleaching curve was 233 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 2 ). 254
Furthermore, there are no reasons to suppose that such effects would lead to different 255 behaviour in the subglacial sample group than in any other. 256 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Fig. 1A, B) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 2) , which indicates substantially lower IRSL and OSL residual dose than for the 293 difficult-to-reset TL signal, is consistent with widely-observed bleaching patterns of natural 294 signals as a result of exposure to heat or light (cf. Table 5) . 295
Assuming subglacial residual dose is indeed a result of natural resetting of near-296 saturated geological signals, the energy required to have reset such a signal to observed 297 levels can be estimated from rates of bleaching exhibited by regenerated signals when 298 exposed to artificial daylight (Table 5) . Knowledge of the signal present in the subglacial 299 bedrock/sediment prior to resetting is also required, but as this is unknown, we substitute 300 this with the mean residual dose exhibited by the other, presumed partially-reset sample 301 groups. By example, the easy-to-bleach subglacial IRSL residual dose is typically 10% of 302 that of the other sample groups ( that it may have been ~1000 Gy; 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 polymineral aliquots analysed in this study were predominantly composed of feldspar, it is 371 therefore possible that bleaching at the glacier bed could be more effective than anticipated. 372
Without field measurements of the attenuation of different spectra by glacier ice, it is 373 impossible to know just how effective such a resetting mechanism could be. Nevertheless, 374
given that transmission of only a portion of the spectrum would result in a reduction in light 375
Page 16 of 43 Boreas   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Finally, the results of this study indicate some potential to use the luminescence 428 sensitivity to elucidate sediment transport pathways in a way that is similar to that proposed 429 for residual dose (above). Specifically, SAR measurements (Fig. 4) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 4 . Fitted curves are fourth-order 32 polynomials that were also used to calculate the SAR D e estimates (Table 3) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 2 Observed signals obtained from raw stimulation curves (see Fig. 2 ).
3 Second heating for TL background subtraction. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r R e v i e w O n l y 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 O n l y 2 D e interpolated from the corresponding SAR growth curve (Fig. 4) using the mean sensitivity-corrected natural signal (L n /T n ; n=8); ±1σ error has been estimated from the standard error of the regression curve. †Values are means of seven aliquots per sample, owing to measurement faults. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 O n l y Table 3 for sample descriptions. 2 Values are means of eight aliquots per sample; errors are ±1σ.
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3 Recycling ratio obtained from the sensitivity-corrected regenerative signals R 1 and R 9 (see text). 4 The sensitivity-corrected regenerated signal R 2 (zero dose; see text) is expressed as a % of the sensitivity-corrected natural signal (L n /T n ).
5 Ratio of the mean sensitivity-corrected regenerated signal in four stored discs to the mean prompt signal in four control discs ±1σ. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 O n l y 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47 
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